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I. INTRODUCTION

Wind-tunnel Test 20-558 was a test of models with high-drag, nonlifting

configurations suitable for entry into planetary atmospheres. The purpose of

the test was to obtain basic, static, aerodynamic characteristics for these

shapes. Normal and axial forces, and pitching moments, were measured with

a strain-gage balance, and the center-of-pressure positions along the longi-

tudinal axis of the body were calculated.

The test was conducted in two phases. The first phase was performed

in the 20-in. supersonic wind tunnel at Mach No. I. 65, 2.0, and 3.0, with

corresponding Reynolds No./in. of 0.32 x 10 6 The second phase was per-

formed in the 21-in. hypersonic wind tunnel at Mach No. 5.0 and 9.0,_and

Reynolds No./in. of 0. 141 x l0 6 and 0. 103 x 106, respectively. The angle of

attack was varied from -i to +20 deg for the first phase of the test, and -3 to

+19. 3 deg for phase two.

The model configurations comprised spherically blunted cones,

spherical segments, and flat-faced, round-shouldered, right-circular cyl-

inders. Forces and moments were obtained for all configurations.,. /'_n,_ _%,4"_'_-- "_

The test _:"was conducted at the Jet Propulsion Laboratory (JPL) from

August 12 through 30, 1963.

II. MODEL DESCRIPTION

The models are shown in Fig. I and 2. Three series of models were

tested. The first was a group of round-shouldered cylinders with varying

degrees of roundness of the shoulders. These models were designated by

F - R/rb, where F indicates flat-faced models and R/r b is the ratio of

shoulder radius to base radius. Values of R/r bwere 0.25, 0. 50, 0.75, and

1.00 (hemisphere). The second group consisted of spherical-segment models.

The controlling shape parameter was the angle between the tangent to the

spherical segment and a perpendicular to the base. The angles selected were

15, 30, 45, and 60 deg, with the hemisphere, mentioned above, being the 0-deg

case. These models represent the most blunt case of the blunted cones which

The symbols used in this Report are defined in the Nomenclature.
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make up the third group of shapes investigated. The shape parameters for the

blunted cones were the cone half-angle, and the degree of spherical bluntness.

The ratio of the radius of the spherical nose to the radius of the base was 0. 25,

0. 50, 0.75, and 1.00. Figure 2 shows the cone families tested.

III. WIND TUNNEL AND INSTRUMENTATION

Reference I describes the construction and operating conditions of the

20-in. supersonic and 21-in. hypersonic wind tunnels. The wind tunnels have

a nominal test-section size of 20 in. square, a Mach range from I. 3 to 5.0 for

the supersonic wind tunnel and 4. 1 to ll.0 for the hypersonic wind tunnel,

flexible-plate nozzles, and operate with continuous flow. Table 1 presents rep-

resentative values of the test-sectionflow parameters for the Mach numbers at

which this test was conducted.

A six-component, internal, strain-gage balance was used to measure

force-and-moment data. The models were attached to the end of the balance by

means of a balance-adapter sleeve and a model mounting plate. A windshield

was fitted over the exposed portion of the balance.

Figures 3a and 3b show the test setup in the supersonic andhypersonic

tunnels, respectively. Base pressure was measuredby means of a probe

strapped along side the windshield and extended to 1/l 6 in. behind the model mount-

ing plate. Base pressure measurements in the hypersonic tunnel were inaccurate

and were discarded. For data reduction arM = 5.0 and M = 9.0, base pressure

was assumed to be zero, i.e., a perfect vacuum was assumedto existat thebase

of the model. This assumption caused the drag due to base pressure to be over-

estimated. Since this base drag is subtracted from the total drag in data reduc-

tion, the axial and drag coefficients are low at M = 5.0 and 9.0. However, at

M = 5.0, the assumed drag due to base pressure makes up only I0% of the total

drag on the lowest drag body, and only 3% at M = 9.0.

IV. TEST PROCEDURE

Prior to actual test operations, measurements were made to determine

the position of the model, the deflection constants, and the balance tares.

During the test, data points were obtained at successive values of a. These

data points were plotted vs a, and any data which appeared questionable were

-2-
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checked before the conclusion of the run. At least one data point was checked

even if all data appeared correct.
The first four test runs, 2, 4, 6, and 8, were made with the windshield

approximately 1 in. behind the model. It became apparent upon examining the

schlieren photographs that at high angles of attack, the shock formed by the

wake impinging on the sting had moved very near the forward end of the wind-

shield (Fig. 4). To avoid the possibility of the wake impinging on the balance

ahead of the windshield, the windshield was moved forward as far as possible.

The screws, mounting the model mounting plate to the balance adapter, pre-
vented locating the windshield closer than 1/2 in. from the model base (Fig. 5).

After the windshield was moved forward, the previous tests were

repeated to see if any effect could be determined. The effect was negligible as
shown by plots of the data for the two windshield positions (see data plots).

Subsequent tests were run with the windshield in the forward position.

It was noticed that at the low Mach numbers, M = i. 65 and 2.01, there

was an abrupt change in the slope of the normal-force curve for the more blunt

configurations, F-25 and the 45- and 60-deg cones. The slope increased sud-

denly at an angle of attack of about 3 deg. At fir st, it was thought that the wind-

shield might not be secured rigidly to the sting. To check this, the sting was
rolled 180 deg, and a 15-1bweightwas placed on the windshield. No indication of

the load was shown by the balance.

Next, the effect of the exposed portion of the balance was investigated.

Since the windshield could not be brought closer to the model because of the

model mounting screws, an extension to the windshield was fabricated, which

fitted over the mounting screws (Fig. 6a and b). The data obtained, using the

windshield extension, are shown in the data plots and are compared to previous

data. The slope change, noted previously, was evidently due to flow in the
wake of the model. This conclusion was reached by observing that the

phenomena decreased by increasing the Mach number, decreasing the cone
angle, and increasing the angle of attack. The schlieren photographs (Fig. 6a

and 7) show the 60-T model at M = l 65, 2.01, and 3. 02, respectively. It can
be seen that as the Mach number increases, the wake becomes more defined

with less subsonic turbulent flow in the wake. Figure 8 shows that for a

decreasing cone angle, the wake becomes better defined. The effect on the

wake of increasing the angle of attack is shown in Fig. 9, where model 60-25

-3-
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is shown at a = 0, 6, and 20 deg, respectively_ a_ M = i. 65.

with positive directions is shown in Fig. I0.

V. DATA REDUCTION

The axis system

The force-and-moment data were reduced to dimensionless coefficients

by the procedure given in Ref. 2. The coefficients were obtained as follows:

force coefficient -

moment coefficient -

force

qA

moment

q AD

where

q = free-stream dynamic pressure (psi)

A =reference area = 7. 065 (in. 2)

D = reference length = 3. 000 (in.)

and the point about which the moments were measured was the model base, on

the model centerline.

The chord-force coefficient has been corrected to eliminate the base-

drag increment due to the differential between base pressure and free-stream

static pressure. At M = 5.0 and 9.0, base pressure was assumed to be zero;

while at the other Mach numbers, the base pressure was measured.

The coefficients were obtained on a digital computer by a standardized

series of formulas, as indicated in Ref. 3. The estimated accuracy of the

coefficient data, based on balance calibration and repeatability of data, is as

follows:

CN .......... _0. 003

CA .......... _0. 010

CMCG ........ _0. 002

CPB ......... 10. 010

It should be noted that these values do not include the error introduced by

assuming base pressure to be zero at M = 5.0 and 9.0. This error, as already

pointed out, amounts to a maximum of about 10% atM = 5.0, and 3% at M :9.0.

-4-
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VI. RESULTS

The results of this test have been reduced to dimensionless coefficients

and are presented in Plot Series 1 through 48. _ On Plots 39 through 48, CNa,

CAa, CMa, and CLa are evaluated at a = 0 deg. No attempt was made in this

Report to interpret the results.

Also numbered from I through 268 in the lower left-hand corner of the ozalid
plot pages at the end of this Report.

-5-
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NOMENCLATURE

A

Ab

CA

CA=

CD

CL

CL_

CMCG

CMcL

CPB

D

M

P

Pb

q

rb

R

XCP/D

O.

0"

reference area (7. 065 in.2)

area of base of the model (7. 065 in. 2)

axial-force coefficient, [(axial force)/qA] - CPB
L J

axial-force coefficient slope, IdA--_l , (i/deg)

_=0

drag coefficient, CA COS_ + CN SIN_

lift coefficient, CN COS_ - CA SIN_

lift coefficient slope, [dC__b] , (1/deg)
L_-j CL=0

pitching-moment coefficient about reference point at base of the

model, moment/qA m

FdCMCG] , (I/deg)pitching-moment coefficient slope,[ d= a=0

normal-force coefficient, normal force/qA

normal-force coefficient slope, Id_C-_NI , (I/deg)
L_j _=0

base-drag coefficient, [(P - Pb)Ab]/qA

reference length, diameter of base of models (3.00 in.)

Mach number

static pressure (psia)

base pressure (psia)

free-stream dynamic pressure (psi)

radius of base of models (in.)

radius variable, shoulder radius for cylinders and spherical nose

radius for blunted cones (in.)

center-of-pressure location on longitudinal axis of body, measured

from base of model, positive forward, CMCG/CN

angle of attack (deg)

cone half-angle (deg)

-6-
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Table 1. Average aerodynamic parameters

Parameter

Static pressure

Stag__ation pressure

(psm)

Dynamic pressure

(psm)

Reynolds number

(per in. x 10 -6)

Mach Number

20-in. Supersonic Tunnel 21-in. Hypersonic Tunnel

1.65 2.01 3.02 5.0 9.0

3.15 2.15

17.1

0. 764

28.9

0. O69

36.614.4

6.00 6.09

0.319

4.88

0.327

1.21

0. 1410. 317

0.021

450.0

1.21

0. 103
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rb

rb • BASE RADIUS
R =RADIUS OF

SPHERICAL NOSE

o- =CONE HALF ANGLE

Description of Blunted Cone Geometric Parameters

_--15o

15--75

15i100

0"=30 °

30-50

30i75

=45 °

45T25

45-'50

I

I

o'=60 =

60+25

I

i
60--50

_ 60-75

0-100

Fig. 2 Blunted Cone Models
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F ig .  4 Windshield in Initial Position, 1 iGBehind Model Base  

F ig .  5 Windshield in Posit ion for A l l  Data Acquisition, 
Moved 1 /2  in. Toward Model Base  
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a ,  M, indshield m ithout extension 

b. Windshield with extension 

Fig.  6 Model Windshield Installation, M = 1. 65 
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M = 2.01 

M = 3 . 0 2  

F i g .  7 Wake Character is t ics  for  Model 60-T at Mach 2 .01  and 3 . 0 2  
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Model 15-T 

Model 30-T 

Model 45-T  

Fig. 8 W a k e  Character is t ics  for Various Models, M = 1.65 



0-deg angle of attack 

-- 

6-deg angle of attack 

20-deg angle of attack 

F i g .  9 Wake Character is t ics  for Model 60-25 
Through an  Angle-of-Attack Range, M = 1.65 
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